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Abstract: A moderately high-fat Mediterranean diet does not promote weight gain. This study
aimed to investigate the association between dietary intake of specific types of fat and obesity and
body weight. A prospective cohort study was performed using data of 6942 participants in the
PREDIMED trial, with yearly repeated validated food-frequency questionnaires, and anthropometric
outcomes (median follow-up: 4.8 years). The effects of replacing dietary fat subtypes for one another,
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proteins or carbohydrates were estimated using generalized estimating equations substitution models.
Replacement of 5% energy from saturated fatty acids (SFA) with monounsaturated fatty acids (MUFA)
or polyunsaturated fatty acids (PUFA) resulted in weight changes of−0.38 kg (95% Confidece Iinterval
(CI):−0.69, −0.07), and−0.51 kg (95% CI:−0.81, −0.20), respectively. Replacing proteins with MUFA
or PUFA decreased the odds of becoming obese. Estimates for the daily substitution of one portion of
red meat with white meat, oily fish or white fish showed weight changes up to −0.87 kg. Increasing
the intake of unsaturated fatty acids at the expense of SFA, proteins, and carbohydrates showed
beneficial effects on body weight and obesity. It may therefore be desirable to encourage high-quality
fat diets like the Mediterranean diet instead of restricting total fat intake.
Keywords: fat; obesity; body weight; cohort study; substitution models
1. Introduction
Obesity is one of the most important risk factors of noncommunicable diseases. The epidemic
has been described extensively in scientific literature, providing cogent evidence for its role in the
development of cardiovascular diseases, diabetes, musculoskeletal disorders, and certain types of
cancer [1]. Dietary fat intake has long been believed to be an important predictor of obesity as it is the
most energy-dense macronutrient, providing about 9 kcal per gram versus 4 kcal/g from proteins or
carbohydrates. Consequently, to control obesity, dietary guidelines have focused on reducing total fat
intake for almost four decades [2]. Even after a large body of evidence showed the beneficial health
effects of unsaturated fatty acids [3,4], total fat restrictions remained [5], as well as the gradual increase
in the global prevalence of overweight and obesity [6].
Currently, some aspects of guidelines are being revised. A report of the third FAO (Food and
Agriculture Organization of the United Nations)/WHO (World Health Organization) Expert
Consultation on Fats and Fatty Acids in Human Nutrition (Geneva, 2008) showed the focus is clearly
shifting from fat quantity to quality [7]. Additionally, the latest US Dietary Guidelines Advisory
Committee (DGAC) report concluded that emphasis should be put on optimizing types of dietary
fat and not reducing total fat [5]. The quality of fat is generally specified by the relative intake
of monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) versus saturated (SFA) and
trans fatty acids. Furthermore, PUFA may be subdivided into plant-derived linoleic (C18:2n-6)
and α-linolenic acid (ALA, C18:3n-3) and marine-derived eicosapentaenoic (EPA, 20:5n-3) and
docosahexaenoic acid (DHA, C22:6n-3) [8].
The Mediterranean diet (MeDiet) is typically high in fat and there is evidence about its role in the
prevention of cardiovascular disease [9,10], in which the proportions of unsaturated and saturated
fatty acids have been shown to play an important role [11]. Moreover, multiple systematic reviews and
meta-analyses have shown a MeDiet does not promote weight gain [12–15]. In fact, it may even result
in greater and more long-lasting weight loss than low-fat diets and be protective against increases
in waist circumference [12–15]. This outcome has also been shown for nut intake, a predominant
food product in the MeDiet [16–18]. Other food, more specific components of the MeDiet, and their
association with obesity-related outcomes have not received as much attention to date.
Although assessing a complete dietary pattern provides insight into the cumulative effects of
consuming certain products, determining which nutrients or food items induce the greatest change
may lead to better understanding of the associations. The main objective of this study is therefore to
investigate the association between dietary fat intake of both specific types of fatty acids and of food
items within the MeDiet and body weight and obesity.
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2. Materials and Methods
2.1. Study Population
This prospective study was a secondary analysis using data of the large, randomized
controlled trial PREDIMED (prevención con dieta Mediterránea, prevention with Mediterranean
diet). Participants within the PREDIMED study were Spanish men and women at high risk for
cardiovascular disease, recruited from multiple centers across the country between October 2003 and
June 2009. After inclusion, participants were assigned to two groups receiving a MeDiet supplemented
with either extra virgin olive oil or mixed nuts, and—in the case of the control group—solely receiving
advice on following a low-fat diet. The PREDIMED protocol was approved by institutional review
boards and all participants provided written informed consent. Further details on the design and
protocol of the study have been described elsewhere [19,20].
The trial was stopped in December 2010 and included 7447 participants. After exclusion of
participants without food-frequency questionnaire (FFQ) data, without BMI follow-up data, with
implausible energy intakes (<800 or >4200 kcal/day in men <500 and >3500 kcal/day in women) [21]
or without other data necessary to perform the analyses, the population available for the present
analyses included 6942 participants with a median follow-up of 4.8 years (interquartile range: 2.9
to 5.8).
2.2. Dietary Exposure Assessment
At baseline and yearly thereafter, a semiquantitative 137-item food-frequency questionnaire (FFQ)
was collected and reviewed by trained, registered dieticians. The used FFQ was repeatedly validated
and found to be highly reproducible and have a reasonably good validity with regard to nutrient intake
reported [22,23]. Spanish food-composition tables were used to derive energy and nutrient intake [24].
Dietary intakes were considered as the cumulative average of all available data, from baseline to each
follow-up measurement, to optimally represent long-term intake and reduce measurement error [25].
2.3. Outcome Assessment
Anthropometric measurements were taken by trained personnel once a year. Weight was
measured on a calibrated scale, without shoes and with light clothing. Height was determined
using a wall-mounted stadiometer.
Participants with a BMI ≥25 and <30 kg/m2 were classified as overweight and ≥30 kg/m2 as
obese. Substantial weight gain or loss was defined as a change ≥10% when compared to baseline
body weight [26]. Body weight was analyzed as continuous outcomes and dichotomized using this
cut-off (a change ≥10%), additional to the dichotomous variables for incidence (increasing to a BMI
≥30 kg/m2) and reversion of obesity (decreasing to a BMI <30 kg/m2).
2.4. Assessment of Other Variables
At each yearly visit, sociodemographic variables and risk factors like educational level and
working, marital, and smoking status were assessed using in a general questionnaire. Physical activity
was assessed using the Spanish version of Minnesota Leisure-Time Physical Activity, validated in both
sexes [27,28]. Based on frequency and duration of 67 activities, a MET (Metabolic equivalents) score was
assigned to each participant. The analyses considered updated the measurements of these covariates
and in case of missing data, the last observations were carried forward to prevent participants being
excluded from the analyses.
2.5. Statistical Analyses
Participant characteristics were reported according to extreme quintiles of fatty acid intakes, as
mean (SD) for continuous variables and % for categorical variables.
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Generalized estimating equations (GEE) were fit to analyze the association between the cumulative
average of yearly measured consumption of dietary fatty acids and body weight. For these continuous
outcomes, the distribution was set to Gaussian and link function to identity. Effects of isocaloric
substitution of fat types for one another, carbohydrates, and proteins were estimated as the difference
between β coefficients of macronutrients exchanged per 5% of energy from these sources. Logistic
GEE regression models were used to determine odds ratios for incidence and reversion of obesity
and ≥10% changes in body weight. The effects of replacing specific high-fat food products for other,
higher-quality options were estimated using non-isocaloric substitution models, by considering the
replacement of single portions of meat, fish and seafood (100 g), oils, butter and margarine (10 g), and
nuts (30 g). For all GEE models, an exchangeable correlation structure was assumed.
The model included intakes of all energy delivering dietary variables except for one (the last one
being omitted as they add up to 100% for any person) and was adjusted for age, sex, intervention
group, baseline BMI or body weight, leisure-time physical activity (quintiles of MET-min/week),
smoking status (never, former, current smoker), educational level (none/primary, secondary,
academic/graduate), working status (employed, unemployed, housewife, retired), marital status
(single/widowed, married), and dietary fiber intake (continuous).
Sensitivity analyses were performed using mixed-effects models instead of GEE models and both
observed and updated measurements of exposure instead of cumulative averages. Missing values of
dietary variables and weight were imputed using multilevel multiple imputation in the GEE model
with body weight as the continuous outcome. Data were assumed to be MAR (missing at random) and
m = 20 datasets were created using multivariate normal (MVN) as the imputation algorithm [29].
All statistical analyses were performed using STATA/SE V.12.1 (StataCorp, College Station, TX,
USA) and p-values < 0.05 were considered statistically significant.
3. Results
3.1. Baseline Characteristics
The population available for the analyses consisted of 6942 participants with a mean age of 67
(SD: 6) years and of which a proportion of 47% was obese at baseline. Table 1 shows the baseline
characteristics of participants. Mean total fat intake was 30.5% of total energy intake (EN%) in the
lowest quintile versus 50.6 EN% in the highest.
3.2. Substitution of Fat Subtypes
3.2.1. Body Weight Differences
The results of GEE substitution models presented in Table 2 show the predicted effects of replacing
5% of energy from a specific fat subtype for 5 EN% of another fat subtype, proteins or carbohydrates.
The results suggested consuming PUFA is associated with a significant weight difference when
replacing SFA (mean change −0.51 kg; 95% confidence interval (CI): −0.81, −0.20), proteins (−0.27 kg;
95% CI: −0.49, −0.04) or carbohydrates (−0.20 kg; 95% CI: −0.37, −0.02). Additionally, isocaloric
substitution of 5 EN% of SFA with MUFA was inversely associated with body weight (−0.38, 95% CI:
−0.69, −0.07). Increasing SFA at the expense of carbohydrates was found to be directly associated
with body weight (0.31 kg; 95% CI: 0.06, 0.56).
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Table 1. Participant characteristics according to extreme quintiles of total fat (in EN%) at baseline 1.
Q1 Q5
Participants, n 1391 1387
Age (year) 67 (6) 67 (6)
Women (%) 53.9 62.5
Control group (%) 35.6 32.2
Physical activity (MET-min/week) 249 (259) 216 (226)
Smoking habit: Never smoker (%) 61.0 64.4
Smoking habit: Former smoker (%) 24.4 22.4
Smoking habit: Current smoker (%) 14.6 13.2
Marital status: Married (%) 75.0 76.5
Marital status: Single/widowed (%) 25.0 23.5
Educational level: Lower than high school (%) 80.5 75.3
Educational level: High school (%) 11.9 17.7
Educational level: University (%) 7.6 7.0
Employment status: Employed/housewife 41.6 51.8
Employment status: Unemployed (%) 3.5 3.5
Employment status: Retired (%) 54.9 44.7
Total energy intake (kcal/day) 2262 (573) 2163 (513)
Carbohydrates (EN%) 51.6 (5.8) 35.1 (4.5)
Protein (EN%) 17.4 (3.1) 16.7 (2.8)
Total fat (EN%) 27.7 (3.2) 46.5 (3.7)
MUFAs (EN%) 14.4 (2.4) 26.3 (3.4)
PUFAs (EN%) 5.0 (1.6) 7.9 (2.4)
SFAs (EN%) 8.1 (1.7) 12.1 (2.1)
trans fat (EN%) 0.18 (0.12) 0.28 (0.17)
Alcohol (g/day) 11.2 (18.7) 5.1 (9.2)
Dietary fiber (g/day) 28.9 (10.1) 21.7 (6.6)
1 Q, quintile; MET, metabolic equivalent task; EN%, energy as a proportion of total energy intake. Data are mean
(SD) unless otherwise stated.
Table 2. Estimated mean changes (95% confidence interval) 1 in body weight (kg) after isocaloric
substitutions of 5% energy from MUFA, PUFA, and SFA, proteins, and carbohydrates.
Substitution ↑MUFA ↑PUFA ↑SFA
↓PUFA 0.13 (−0.09, 0.34) - -
↓SFA −0.38 (−0.69, −0.07) * −0.51 (−0.81, −0.20) * -
↓proteins −0.14 (−0.30, 0.02) −0.27 (−0.49, −0.04) * 0.24 (−0.08, 0.56)
↓carbohydrates −0.07 (−0.17, 0.03) −0.20 (−0.37, −0.02) * 0.31 (0.06, 0.56) *
1 Adjusted for age, sex, baseline weight, recruitment center, intervention group, cumulative average of total
energy intake, BMI, leisure-time physical activity (metabolic equivalent task in min/day), smoking status
(never, former, current smoker), educational level (primary education, high school, university), working status
(employed, unemployed, housewife, retired), and marital status (single, married). * p < 0.05. ↑ means increases,
↓means decreases.
3.2.2. Obesity Incidence and Reversion, Substantial Weight Gain and Loss
In a total number of 3700 initially non-obese participants, 657 incident cases of obesity were
observed during follow-up. Table 3 shows the results of the logistic GEE investigating the association
between nutrient substitution and 2 dichotomous outcomes: Obesity incidence and substantial weight
gain (≥10%).
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Table 3. Estimated odds ratios (95% confidence interval) 1 for incidence of obesity and substantial
weight gain (≥10%) after isocaloric substitution of 5% energy from MUFA, PUFA, and SFA, proteins,
and carbohydrates.
Substitution Obesity Incidence Weight Gain (≥10%)
↑MUFA, ↓PUFA 1.36 (1.02, 1.81) * 1.16 (0.82, 1.65)
↑MUFA, ↓SFA 1.04 (0.69, 1.56) 1.11 (0.71, 1.65)
↑MUFA, ↓Proteins 0.85 (0.69, 1.03) 0.82 (0.66, 1.02)
↑MUFA, ↓Carbohydrates 1.08 (0.95, 1.23) 1.02 (0.87, 1.18)
↑PUFA, ↓SFA 0.77 (0.51, 1.15) 0.96 (0.62, 1.47)
↑PUFA, ↓Proteins 0.62 (0.47, 0.83) * 0.70 (0.50, 0.99) *
↑PUFA, ↓Carbohydrates 0.80 (0.63, 1.01) 0.87 (0.67, 1.15)
↑SFA, ↓Proteins 0.81 (0.53, 1.24) 0.73 (0.46, 1.17)
↑SFA, ↓Carbohydrates 1.04 (0.75, 1.24) 0.91 (0.63, 1.31)
1 Adjusted for age, sex, baseline weight, recruitment center, intervention group, cumulative average of total
energy intake, BMI, leisure-time physical activity (metabolic equivalent task in min/day), smoking status (never,
former, current smoker), educational level (primary education, high school, university), working status (employed,
unemployed, housewife, retired), and marital status (single, married). * p < 0.05.
Replacing 5 EN% of proteins with 5 EN% of PUFA decreased the odds of obesity incidence (OR:
0.62, 95% CI: 0.47, 0.83) and ≥10% weight gain (OR: 0.70, 95% CI: 0.50, 0.99). The odds ratio (95% CI)
for obesity incidence was 1.36 (1.02, 1.81) when 5 EN% of PUFA was replaced by MUFA. Reversion
of obesity occurred 819 times within the 3242 participants who were obese at baseline. Note that in
Figure 1 an odds ratio (OR) >1 indicates increased odds of reversion of obesity or weight loss (≥10%),
so desirable changes.
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Figure 1. Estimated odds ratios (95% confidence interval) for reversion of obesity (grey squares) and
substantial weight loss (≥10%, black diamonds) after isocaloric substitution of 5% energy from MUFA,
PUFA, and SFA, proteins (Prot), and carbohydrates (CHO). Adjusted for the same confounders as the
analyses in Table 3.
Replacing SFA with PUFA significantly increased the odds of the reversion of obesity (OR: 1.57,
95% CI: 1.09, 2.25) and substantial weight loss (OR: 1.58, 95% CI: 1.09, 2.28). Slightly less strong but
significant associations were found for the odds of substantial weight loss when PUFA intake was
increased at the expense of proteins (OR: 1.44, 95% CI: 1.12, 1.86) or carbohydrates (OR: 1.29, 95%
CI: 1.06, 1.57). Increasing MUFA at the expense of PUFA resulted in an OR of 0.78 (0.61, 1.00) for a
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≥10% weight loss. As a summary, all significant results in Table 3 and Figure 1 advocate for a higher
PUFA intake.
3.3. Substitution of Food Items
The estimated effects of non-isocaloric food item substitutions on body weight are shown in
Table 4. Significant weight difference estimates were observed when daily replacing a 100 g portion of
red meat with white meat (−0.64 kg, 95% CI: −0.94, −0.35), oily fish (−0.75 kg, 95% CI: −1.13, −0.38)
or white fish (−0.87 kg, 95% CI −1.17, −0.56).
Table 4. Estimated mean changes in body weight (kg) (95% confidence interval) 1 after substitution of
one daily portion of high-fat food items in the MeDiet for a priori healthier options.
Substitution Mean Body Weight (kg) Difference (95% Confidence Interval)
↓Red meat, ↑White meat −0.64 (−0.94, −0.35) *
↓Red meat, ↑Oily fish −0.75 (−1.13, −0.38) *
↓Red meat, ↑White fish −0.87 (−1.17, −0.56) *
↓Butter, ↑Olive oil −0.25 (−0.56, 0.06)
↓Butter, ↑Other vegetable oils −0.11 (−0.44, 0.22)
↓Margarine, ↑Olive oil 0.04 (−0.18, 0.25)
↓Margarine, ↑Other vegetable oils 0.26 (0.02, 0.50) *
↓Mixed nuts, ↑Walnuts −0.15 (−0.61, 0.32)
1 Substitutions of a portion of 100, 10 and 30 g for meat/fish, butter/margarine/oils, and nuts, respectively. Adjusted
for age, sex, baseline weight, recruitment center, intervention group, cumulative average of total energy intake,
BMI, leisure-time physical activity (metabolic equivalent task in min/day), smoking status (never, former, current
smoker), educational level (primary education, high school, university), working status (employed, unemployed,
housewife, retired), and marital status (single, married). * p < 0.05. ↑means increases, ↓means decreases.
Replacing a 10 g portion of margarine with vegetable oils other than olive oil resulted in a
significant estimate, suggesting a weight gain of 0.26 kg (95% CI: 0.02, 0.50). No significant associations
were observed for the replacement of butter and margarine with olive oil or replacing 30 g of mixed
nuts with an equivalent portion of walnuts.
Estimates of nutrient substitutions for continuous outcomes were consistent when using
mixed-effects models with random intercepts for recruitment center and identity level. Mixed-effects
models are a little more conservative, however, thus showing wider confidence intervals (data not
shown).
4. Discussion
The results of this prospective study suggest that increasing the intake of unsaturated fatty acids
(especially PUFA) at the expense of SFA, proteins, and carbohydrates may have beneficial effects on
body weight and obesity. Reversing obesity seems to be especially successful when replacing SFA with
PUFA, and replacing proteins with PUFA lowers the risk of becoming obese in the first place. Increasing
MUFA at the expense of PUFA, on the other hand, shows a significantly increased risk of becoming
obese. These findings are in line with previous research [30], although there is still controversy [31].
Most prior research on the association between dietary fat and overweight/obesity merely considered
total fat intake or the MeDiet as a whole. Evidence from 53 randomized controlled trials summarized in
a systematic review and meta-analysis did not support low-fat diets over other dietary interventions for
long-term weight loss, when compared with dietary interventions of similar intensity [15]. A systematic
review of 5 RCTs found the MeDiet resulted in greater weight loss than low-fat diet at ≥12 months but
produced results similar to other comparator diets, like a low-carbohydrate diet [14]. These results are
in line with an earlier meta-analysis [13]. Although the results of the included studies were inconsistent
and the meta-analyses reported significant heterogeneity, the evidence ultimately points towards a
role of a high-quality, moderately high-fat diet like the MeDiet in the prevention of overweight and
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obesity. Results of the PREDIMED trial supported that the intervention did not have a differential
effect on body weight compared to the control group [32].
One prospective study in a Spanish sample of the EPIC (European Prospective Investigation into
Cancer and Nutrition) study further focused on dietary fat subtypes and concluded that the association
between consumption of specific types of dietary fat, olive oil, and obesity in Spain was not very
important [33]. However, the design of the study was cross-sectional. Ten years later, the results of the
EPIC–PANACEA study showed the MeDiet may prevent weight gain and the development of obesity.
Unfortunately, this study did not distinguish between types of fat [34].
Previous PREDIMED studies showed a protective effect of MeDiet interventions supplemented
by olive oil or nuts and of dairy consumption [35,36]. Moreover, extensive evidence was found that
nut consumption does not increase body weight and obesity incidence and may even be inversely
associated with these outcomes [17,37,38]. Most nuts are especially high in MUFA, whereas walnuts
are rich in PUFA. Adherence to the MeDiet in general has also been shown to be directly associated
with fulfilling nutrient recommendations [39,40].
Another important finding of our study, in the context of substitution models, is that reductions
in red meat consumption coupled with respective increases in white meat or fish would lead to less
weight gain. This is important because it represents a translation of fat substitution models into food
item replacement models and it generates a comprehensible and easily understandable message for
the population. This is in accordance with the concept of the MeDiet, which fosters the preference for
white meat consumption over red meat and includes regular fish consumption. It is also important to
focus on specific food groups or items, since different foods rich in a specific fat subtype may have
different effects on body weight [41].
The satiating effect of the MeDiet may explain some beneficial effects on body weight, especially
in a longer term. Furthermore, evidence shows mono- and polyunsaturated fatty acids are more readily
oxidized than saturated fatty acids and have a greater thermogenic effect, which can lead to reduced fat
accumulation [42]. The quantity and quality of dietary fat have also been shown to induce differential
lipid storage and processing gene expression, influencing adipokines release, but this process and
regulation is still only partially understood [43]. Adherence to MeDiet may also be inversely correlated
with proinflammatory biomarkers [44], and another potential important mechanism is the influence
on adipose tissue metabolism and secretory functions [45].
The major strengths of the present research include its prospective design, large sample size,
and repeated measurements of exposure, outcomes, and confounders over a long follow-up period.
Due to comprehensive data records, most relevant confounders could be controlled for. Nevertheless,
residual confounding is possible. Genetic determinants for instance may influence measures of
obesity and were not available in the dataset [46]. Systematic error may be present due to the large
proportion of obese individuals, known to have a tendency to underestimate their dietary intakes
(in particular total energy intake) and overestimate physical activity; however, this error will probably
be nondifferential [47]. Furthermore, well-known measurement errors as a result of methodological
issues in the memory-based assessment of dietary factors and physical activity may bias the results.
The study of waist circumference as a potential outcome measure was also considered and would
shine light on the matter, but the risk of substantial measurement error, especially in overweight
and obese participants [48], makes it worthy of special attention and more complex analyses are
warranted, so we decided not to include it in this manuscript for the sake of simplicity. Both the
FFQ and physical activity questionnaire have been validated, however [22,23,27,28]. Energy-adjusted
intraclass correlation coefficients for MUFAs, PUFAs, and SFAs in four 3-day dietary records and the
FFQ were 0.61, 0.60, and 0.75, respectively [22]. Analyses of trans fatty acids were considered. Intake
of this fat subtype was very low in this study, however (0.47 ± 0.13 EN%); thus, these investigations
may be more effective in a different population.
This study cannot fully demonstrate causality of the observed associations. Obesity and body
weight may be susceptible to reverse causation in the sense that once their body changes, participants
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adjust their eating habits [49]. The use of a generalized estimating equation was chosen for all of the
analyses. An alternative could have been multilevel mixed-effects models. Both GEE and mixed-effect
methods are appropriate for longitudinal data as they account for within-subject correlations occurring
as a result of repeated measurements, but GEE models are more flexible. For linear regression models
with continuous outcomes, the random effects assumption is equivalent to an exchangeable correlation
structure in GEE [50]. The sensitivity analyses confirmed this as estimates were very similar, though the
outcomes of the mixed-effects models were more conservative with wider confidence intervals. Models
assessing the effect of actual changes in diet on changes in weight may lead to more interpretable
results and better conclusions [41].
Although a lot of effort was put into collecting complete data, missing data are unavoidable in
longitudinal studies. Throughout the years, this problem has been well documented and a range
of solutions have been proposed [29]. In this case, multiple imputation was used only for the GEE
model with body weight as a continuous outcome, to verify that the results obtained by complete
case analyses with covariate adjustment were indeed unbiased. Multiple imputation is flexible when
it comes to assumptions regarding the randomness of the missing data, which makes it suitable for
sensitivity analyses in the case of MNAR scenarios. Complete case analysis was used for further
analyses as the results were similar and this method is less time-consuming, more transparent, and at
least as efficient as multiple imputation [29].
The population of this study consisted of older participants at high risk of cardiovascular disease
and (almost all) overweight or obese at baseline, which may affect the generalizability of the findings.
The number of subjects was, however, very large, and subjects came from different social levels
and geographical areas and biological mechanisms will be similar in other populations. Moreover,
mean total fat intake represented 40.5% of the total energy intake in this study population, which is
comparable to the intake observed in a pooled analysis of studies across Spain [51]. Mean intakes of
fat subtypes were slightly more desirable than intakes measured previously in Spain: MUFA 20.2 in
the present study versus 15.9 EN%, PUFA 6.5 versus 5.6 EN% and SFA 10.3 versus 12.0 EN%.
Lastly, body weight was a secondary outcome in the PREDIMED trial. Neither energy restriction
nor increased physical activity were advised for any treatment arm, as the intervention was not
designed with the intention of causing weight loss. It should also be noted that one diet does not fit
all, and weight control strategies should be based on personal goals. The MeDiet could, however,
be a useful method to achieve personal goals, due to its high palatability and satiating effects and,
therefore, better adherence [46]. Integrating energy restriction and increased physical activity could
further enhance weight loss and health benefits [38]. Currently, data are being collected for the
PREDIMED-Plus trial, including an intensive lifestyle intervention program with an energy-restricted
MeDiet, increased physical activity, and behavioral treatment.
5. Conclusions
In conclusion, this study provides evidence that increasing MUFA and PUFA intakes at the
expense of SFA, proteins, and carbohydrate intakes may contribute to losing weight and reverse
the state of obesity in an older and overweight/obese Spanish population. It could therefore be
recommendable to encourage a high-quality, moderately high-fat eating pattern like the MeDiet, which
means increasing the quality of dietary fat instead of restricting total fat intake in the prevention
of obesity.
Author Contributions: Conceptualization, Y.B., A.G., and M.A.M.-G.; formal analysis, Y.B., A.G.; investigation,
M.A.M.-G., J.S.-S., J.V.S., E.G.-G., M.F. (Miquel Fiol), R.E., J.M.S.-L., H.S., A.A.-G., L.S.-M., X.P., E.R., N.B.-T., J.I.G.,
M.F. (Montserrat Fitó), J.A.M.; writing—original draft preparation, Y.B., A.G.; writing—review and editing, all
authors; visualization, Y.B., A.G.; supervision, A.G., M.A.M.-G., O.v.d.R.; project administration, M.A.M.-G., J.S.-S.,
R.E., E.R., M.F. (Montserrat Fitó); funding acquisition, M.A.M.-G., J.S.-S., J.V.S., E.G.-G., M.F. (Miquel Fiol), R.E.,
J.M.S.-L., H.S., A.A.-G., L.S.-M., X.P., E.R., N.B.-T., J.I.G., M.F. (Montserrat Fitó), J.A.M.
Funding: The PREDIMED trial (www.predimed.es) was supported by the Instituto de Salud Carlos III (ISCIII),
Spanish Ministry of Health, through grants provided to research networks specifically developed for the
Nutrients 2018, 10, 2011 10 of 13
trial, namely, RTIC G03/140 (Coordinator: R. Estruch, M.D., Ph.D., during 2003-2005) and RTIC RD 06/0045
(Coordinator: M.A. Martínez-González, M.D., Ph.D., during 2006-2013). We also acknowledge CIBERobn
(an Initiative of ISCIII), the grants from Centro Nacional de Investigaciones Cardiovasculares CNIC 06/2007,
Fondo de Investigación Sanitaria—Fondo Europeo de Desarrollo Regional (PI04-2239, PI 05/2584, CP06/00100,
PI07/0240, PI07/1138, PI07/0954, PI 07/0473, PI10/01407, PI10/02658, PI11/01647, P11/02505), Ministerio de
Ciencia e Innovación (AGL-2009-13906-C02, AGL2010-22319-C03), Fundación Mapfre 2010, Consejería de Salud
de la Junta de Andalucía (PI0105/2007), Public Health Division of the Department of Health of the Autonomous
Government of Catalonia, Generalitat Valenciana (ACOMP06109, GVACOMP2010-181, GVACOMP2011-151,
CS2010-AP-111, CS2011-AP-042, and PROMETEO17/2017), and Regional Government of Navarra (P27/2011).
Acknowledgments: In this section you can acknowledge any support given which is not covered by the author
contribution or funding sections. This may include administrative and technical support, or donations in kind
(e.g., materials used for experiments).
Conflicts of Interest: J.S.-S. reports serving on the board of and receiving grant support through his institution
from the International Nut and Dried Fruit Council, receiving consulting fees from Danone, Font Vella Lanjaron,
Nuts for Life, and Eroski, and receiving grant support through his institution from Nut and Dried Fruit Foundation
and Eroski. R.E. reports serving on the board of and receiving lecture fees from the Research Foundation on
Wine and Nutrition (FIVIN); serving on the boards of the Beer and Health Foundation and the European
Foundation for Alcohol Research (ERAB); receiving lecture fees from Instituto Cervantes, Fundación Dieta
Mediterránea, Cerveceros de España, Lilly Laboratories, AstraZeneca, and Sanofi-Aventis; consultancy fees from
KAO corporation, and receiving grant support through his institution from Novartis, Amgen, Bicentury, and
Grand Fountaine. L.S.-M. reports serving on the boards of the Mediterranean Diet Foundation and the Beer and
Health Foundation. X.P. reports serving on the board of and receiving grant support through his institution from
the Residual Risk Reduction Initiative (R3i) Foundation; serving on the board of Omegafort; serving on the board
of and receiving payment for the development of educational presentations, as well as grant support through his
institution, from Ferrer International; receiving consulting fees from Abbott Laboratories; receiving lecture fees, as
well as grant support through his institution, from Merck and Roche; receiving lecture fees from Danone and
Esteve; receiving payment for the development of educational presentations from Menarini, Mylan, LACER, and
Rubió Laboratories; and receiving grant support through his institution from Sanofi-Aventis, Kowa, Unilever,
Boehringer Ingelheim, and Karo Bio. E.R. reports grants, nonfinancial support, and other fees from California
Walnut Commission; grants, personal fees, nonfinancial support, and other fees from Merck, Sharp and Dohme,
Alexion, and Ferrer International; personal fees, nonfinancial support and other fees from Aegerion; grants and
personal fees from Sanofi Aventis; and; grants from Amgen and Pfizer, outside of the submitted work. All other
authors declare no competing interests. The funders had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.
References
1. World Health Organization. Factsheet Obesity and Overweight. Fact sheet N◦311; World Health Organization:
Geneva, Switzerland, 2012.
2. Ludwig, D.S. Lowering the bar on the low-fat diet. JAMA 2016, 316, 2087–2088. [CrossRef]
3. Field, A.E.; Willett, W.C.; Lissner, L.; Colditz, G.A. Dietary fat and weight gain among women in the Nurses’
Health Study. Obesity 2007, 15, 967–976. [CrossRef]
4. Liu, X.; Li, Y.; Tobias, D.K.; Wang, D.D.; Manson, J.E.; Willett, W.C.; Hu, F.B. Changes in types of dietary
fats influence long-term weight change in US women and men. J. Nutr. 2018, 148, 1821–1829. [CrossRef]
[PubMed]
5. Mozaffarian, D.; Ludwig, D.S. The 2015 US Dietary Guidelines: Lifting the Ban on Total Dietary Fat. JAMA
2015, 313, 2421–2422. [CrossRef]
6. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.;
Abbafati, C.; Abera, S.F.; et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980–2013: A systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2014, 384, 766–781. [CrossRef]
7. FAO. Fats and Fatty Acids in Human Nutrition; Report of an Expert Consultation; FAO: Rome, Italy, 2010;
Volume 91, pp. 1–166, ISBN 978-92-5-106733-8.
8. Schwab, U.; Lauritzen, L.; Tholstrup, T.; Haldorsson, T.I.; Riserus, U.; Uusitupa, M.; Becker, W. Effect of
the amount and type of dietary fat on cardiometabolic risk factors and risk of developing type 2 diabetes,
cardiovascular diseases, and cancer: A systematic review. Food Nutr. Res. 2014, 58, 25145. [CrossRef]
[PubMed]
Nutrients 2018, 10, 2011 11 of 13
9. Ros, E.; Martínez-González, M.A.; Estruch, R.; Salas-Salvadó, J.; Fitó, M.; Martínez, J.A.; Corella, D.
Mediterranean diet and cardiovascular health: Teachings of the PREDIMED study. Adv. Nutr. 2014, 5,
330S–336S. [CrossRef] [PubMed]
10. Sofi, F.; Abbate, R.; Gensini, G.F.; Casini, A. Accruing evidence on benefits of adherence to the Mediterranean
diet on health: An updated systematic review and meta-analysis. Am. J. Clin. Nutr. 2010, 92, 1189–1196.
[CrossRef] [PubMed]
11. Guasch-Ferré, M.; Babio, N.; Martínez-González, M.A.; Corella, D.; Ros, E.; Martín-Peláez, S.; Estruch, R.;
Arós, F.; Gómez-Gracia, E.; Fiol, M.; et al. Dietary fat intake and risk of cardiovascular disease and all-cause
mortality in a population at high risk of cardiovascular disease. Am. J. Clin. Nutr. 2015, 102, 1563–1573.
[CrossRef] [PubMed]
12. Kastorini, C.M.; Milionis, H.J.; Esposito, K.; Giugliano, D.; Goudevenos, J.A.; Panagiotakos, D.B. The effect of
Mediterranean diet on metabolic syndrome and its components: A meta-analysis of 50 studies and 534,906
individuals. J. Am. Coll. Cardiol. 2011, 57, 1299–1313. [CrossRef] [PubMed]
13. Esposito, K.; Kastorini, C.M.; Panagiotakos, D.B.; Giugliano, D. Mediterranean diet and weight loss:
Meta-analysis of randomized controlled trials. Metab. Syndr. Relat. Disord. 2011, 9, 1–12. [CrossRef]
[PubMed]
14. Mancini, J.G.; Filion, K.B.; Atallah, R.; Eisenberg, M.J. Systematic Review of the Mediterranean Diet for
Long-Term Weight Loss. Am. J. Med. 2016, 129, 407–415.e4. [CrossRef]
15. Tobias, D.K.; Chen, M.; Manson, J.E.; Ludwig, D.S.; Willett, W.; Hu, F.B. Effect of low-fat diet interventions
versus other diet interventions on long-term weight change in adults: A systematic review and meta-analysis.
Lancet Diabetes Endocrinol. 2015, 3, 968–979. [CrossRef]
16. Fernández-Montero, A.; Bes-Rastrollo, M.; Barrio-López, M.T.; de la Fuente-Arrillaga, C.; Salas-Salvadó, J.;
Moreno-Galarraga, L.; Martínez-González, M.A. Nut consumption and 5-y all-cause mortality in a
Mediterranean cohort: The SUN project. Nutrition 2014, 30, 1022–1027. [CrossRef] [PubMed]
17. Martínez-González, M.A.; Bes-Rastrollo, M. Nut consumption, weight gain and obesity: Epidemiological
evidence. Nutr. Metab. Cardiovasc. Dis. 2011, 21 (Suppl. 1), S40–S45. [CrossRef]
18. Jackson, C.L.; Hu, F.B. Long-term associations of nut consumption with body weight and obesity. Am. J.
Clin. Nutr. 2014, 100 (Suppl. 1), 408S–411S. [CrossRef]
19. Estruch, R.; Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.; Ruiz-Gutiérrez, V.; Covas, M.I.; Fiol, M.;
Gómez-Gracia, E.; López-Sabater, M.C.; Vinyoles, E.; et al. Effects of a Mediterranean-style diet on
cardiovascular risk factors: A randomized trial. Ann. Intern. Med. 2006, 145, 1–11. [CrossRef]
20. Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.; Ros, E.; Covas, M.I.; Fiol, M.; Wärnberg, J.; Arós, F.;
Ruíz-Gutiérrez, V.; Lamuela-Raventós, R.M.; et al. Cohort profile: Design and methods of the PREDIMED
study. Int. J. Epidemiol. 2012, 41, 377–385. [CrossRef]
21. Willett, W.C. Issues in analysis and presentation of dietary data. In Nutritional Epidemiology, 3rd ed.;
Willett, W.C., Ed.; Oxford University Press: New York, NY, USA, 2012; pp. 321–346, ISBN 9780199754038.
22. Fernández-Ballart, J.D.; Piñol, J.L.; Zazpe, I.; Corella, D.; Carrasco, P.; Toledo, E.; Perez-Bauer, M.;
Martínez-González, M.Á.; Salas-Salvadó, J.; Martín-Moreno, J.M. Relative validity of a semi-quantitative
food-frequency questionnaire in an elderly Mediterranean population of Spain. Br. J. Nutr. 2010, 103,
1808–1816. [CrossRef]
23. Martin-Moreno, J.M.; Boyle, P.; Gorgojo, L.; Maisonneuve, P.; Fernandez-rodriguez, J.C.; Salvini, S.;
Willett, W.C. Development and validation of a food frequency questionnaire in Spain. Int. J. Epidemiol. 1993,
22, 512–519. [CrossRef]
24. Moreiras, O.; Carbajal, A.; Cabrera, L.; Cuadrado, C. Tablas de Composición de Alimentos, 9th ed.; Pirámide:
Madrid, Spain, 2005; ISBN 978-84-368-3947-0.
25. Hu, F.B.; Stampfer, M.J.; Manson, J.E.; Rimm, E.; Colditz, G.A.; Rosner, B.A.; Hennekens, C.H.; Willett, W.C.
Dietary fat intake and the risk of coronary heart disease in women. N. Engl. J. Med. 1997, 337, 1491–1499.
[CrossRef] [PubMed]
26. Wing, R.R.; Hill, J.O. Successful weight loss maintenance. Annu. Rev. Nutr. 2001, 21, 323–341. [CrossRef]
[PubMed]
27. Elosua, R.; Marrugat, J.; Molina, L.; Pons, S.; Pujol, E. Validation of the Minnesota Leisure Time Physical
Activity Questionnaire in Spanish men. The MARATHOM Investigators. Am. J. Epidemiol. 1994, 139,
1197–1209. [CrossRef] [PubMed]
Nutrients 2018, 10, 2011 12 of 13
28. Elosua, R.; Garcia, M.; Aguilar, A.; Molina, L.; Covas, M.I.; Marrugat, J. Validation of the Minnesota Leisure
Time Physical Activity Questionnaire in Spanish Women. Investigators of the MARATDON Group. Med. Sci.
Sports Exerc. 2000, 32, 1431–1437. [CrossRef] [PubMed]
29. Groenwold, R.H.; Donders, A.R.; Roes, K.C.; Harrell, F.E.; Moons, K.G. Dealing with missing outcome data
in randomized trials and observational studies. Am. J. Epidemiol. 2012, 175, 210–217. [CrossRef]
30. DiNicolantonio, J.J.; O’Keefe, J.H. Good Fats versus Bad Fats: A Comparison of Fatty Acids in the Promotion
of Insulin Resistance, Inflammation, and Obesity. Mo. Med. 2017, 114, 303–307.
31. Hannon, B.A.; Thompson, S.V.; An, R.; Teran-Garcia, M. Clinical Outcomes of Dietary Replacement of
Saturated Fatty Acids with Unsaturated Fat Sources in Adults with Overweight and Obesity: A Systematic
Review and Meta-Analysis of Randomized Control Trials. Ann. Nutr. Metab. 2017, 71, 107–117. [CrossRef]
32. González, C.A.; Pera, G.; Quirós, J.R.; Lasheras, C.; Tormo, M.J.; Rodriguez, M.; Navarro, C.; Martinez, C.;
Dorronsoro, M.; Chirlaque, M.D.; et al. Types of fat intake and body mass index in a Mediterranean country.
Public Health Nutr. 2000, 3, 329–336. [CrossRef]
33. Romaguera, D.; Norat, T.; Vergnaud, A.C.; Mouw, T.; May, A.M.; Agudo, A.; Buckland, G.; Slimani, N.;
Rinaldi, S.; Couto, E.; et al. Mediterranean dietary patterns and prospective weight change in participants of
the EPIC-PANACEA project. Am. J. Clin. Nutr. 2010, 92, 912–921. [CrossRef]
34. Estruch, R.; Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.; Fitó, M.; Chiva-Blanch, G.; Fiol, M.;
Gómez-Gracia, E.; Arós, F.; Lapetra, J.; et al. Effect of a high-fat Mediterranean diet on bodyweight and waist
circumference: A prespecified secondary outcome analysis of the PREDIMED randomised controlled trial.
Lancet Diabetes Endocrinol. 2016, 4, 666–676. [CrossRef]
35. Babio, N.; Toledo, E.; Estruch, R.; Ros, E.; Martínez-González, M.A.; Castañer, O.; Bulló, M.; Corella, D.;
Arós, F.; Gómez-Gracia, E.; et al. Mediterranean diets and metabolic syndrome status in the PREDIMED
randomized trial. CMAJ 2014, 186, E649–E657. [CrossRef] [PubMed]
36. Babio, N.; Becerra-Tomás, N.; Martínez-González, M.; Corella, D.; Estruch, R.; Ros, E.; Sayón-Orea, C.;
Fitó, M.; Serra-Majem, L.; Arós, F.; et al. Consumption of Yogurt, Low-Fat Milk, and Other Low-Fat Dairy
Products Is Associated with Lower Risk of Metabolic Syndrome Incidence in an Elderly Mediterranean
Population. J. Nutr. 2015, 145, 2308–2316. [CrossRef] [PubMed]
37. Guasch-Ferré, M.; Bulló, M.; Martínez-González, M.A.; Ros, E.; Corella, D.; Estruch, R.; Fitó, M.; Arós, F.;
Wärnberg, J.; Fiol, M.; et al. Frequency of nut consumption and mortality risk in the PREDIMED nutrition
intervention trial. BMC Med. 2013, 11, 164. [CrossRef]
38. Flores-Mateo, G.; Rojas-Rueda, D.; Basora, J.; Ros, E.; Salas-Salvadó, J. Nut intake and adiposity:
Meta-analysis of clinical trials. Am. J. Clin. Nutr. 2013, 97, 1346–1355. [CrossRef] [PubMed]
39. Serra-Majem, L.; Bes-Rastrollo, M.; Román-Viñas, B.; Pfrimer, K.; Sánchez-Villegas, A.;
Martínez-González, M.A. Dietary patterns and nutritional adequacy in a Mediterranean country.
Br. J. Nutr. 2009, 101 (Suppl. 2), S21–S28. [CrossRef] [PubMed]
40. Sánchez-Tainta, A.; Zazpe, I.; Bes-Rastrollo, M.; Salas-Salvadó, J.; Bullo, M.; Sorlí, J.V.; Corella, D.; Covas, M.I.;
Arós, F.; Gutierrez-Bedmar, M.; et al. Nutritional adequacy according to carbohydrates and fat quality.
Eur. J. Nutr. 2016, 55, 93–106. [CrossRef]
41. Smith, J.D.; Hou, T.; Ludwig, D.S.; Rimm, E.B.; Willett, W.; Hu, F.B.; Mozaffarian, D. Changes in intake of
protein foods, carbohydrate amount and quality, and long-term weight change: Results from 3 prospective
cohorts. Am. J. Clin. Nutr. 2015, 101, 1216–1224. [CrossRef]
42. Casas-Agustench, P.; López-Uriarte, P.; Bulló, M.; Ros, E.; Gómez-Flores, A.; Salas-Salvadó, J. Acute effects of
three high-fat meals with different fat saturations on energy expenditure, substrate oxidation and satiety.
Clin. Nutr. 2009, 28, 39–45. [CrossRef]
43. Camargo, A.; Meneses, M.E.; Perez-Martinez, P.; Delgado-Lista, J.; Jimenez-Gomez, Y.; Cruz-Teno, C.;
Tinahones, F.J.; Paniagua, J.A.; Perez-Jimenez, F.; Roche, H.M.; et al. Dietary fat differentially influences
the lipids storage on the adipose tissue in metabolic syndrome patients. Eur. J. Nutr. 2014, 53, 617–626.
[CrossRef]
44. Hermsdorff, H.H.; Zulet, M.Á.; Abete, I.; Martínez, J.A. Discriminated benefits of a Mediterranean dietary
pattern within a hypocaloric diet program on plasma RBP4 concentrations and other inflammatory markers
in obese subjects. Endocrine 2009, 36, 445–451. [CrossRef]
Nutrients 2018, 10, 2011 13 of 13
45. Martínez-Fernández, L.; Laiglesia, L.M.; Huerta, A.E.; Martínez, J.A.; Moreno-Aliaga, M.J. Omega-3 fatty
acids and adipose tissue function in obesity and metabolic syndrome. Prostaglandins Other Lipid Mediat. 2015,
121, 24–41. [CrossRef] [PubMed]
46. Phillips, C.M.; Kesse-Guyot, E.; McManus, R.; Hercberg, S.; Lairon, D.; Planells, R.; Roche, H.M. High dietary
saturated fat intake accentuates obesity risk associated with the fat mass and obesity-associated gene in
adults. J. Nutr. 2012, 142, 824–831. [CrossRef] [PubMed]
47. Wehling, H.; Lusher, J. People with a body mass index ≥30 under-report their dietary intake: A systematic
review. J. Health Psychol. 2017. [CrossRef] [PubMed]
48. Verweij, L.M.; Terwee, C.B.; Proper, K.I.; Hulshof, C.T.; van Mechelen, W. Measurement error of waist
circumference: Gaps in knowledge. Public Health Nutr. 2013, 16, 281–288. [CrossRef] [PubMed]
49. Hu, F.B. Obesity Epidemiology; Oxford University Press: New York, NY, USA, 2008.
50. Vittinghoff, E.; Glidden, D.V.; Shiboski, S.C.; McCulloch, C.E. Regression Methods in Biostatistics: Linear, Logistic,
Survival, and Repeated Measures Models, 2nd ed.; Springer: Boston, MA, USA, 2012; ISBN 978-1-4614-1352-3.
51. Harika, R.K.; Eilander, A.; Alssema, M.; Osendarp, S.J.; Zock, P.L. Intake of fatty acids in general populations
worldwide does not meet dietary recommendations to prevent coronary heart disease: A systematic review
of data from 40 countries. Ann. Nutr. Metab. 2013, 63, 229–238. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
